Introduction
Recent exploration by the Turkish General Directorate of Mineral Research and Exploration (MTA) proved several coal deposits hosted in Neogene sedimentary basins across the country. The most significant one due to its total geological reserves (around 1.8 Gt) is the Karapınar-Ayrancı coal deposit located at the southernmost of Central Turkey; the coal is planned to be exploited and used for feeding the thermal power plant to be installed nearby.
During the late Cenozoic, regional tectonic movements caused the development of fault-controlled basins and volcanic activity in Central Turkey (Toprak and Göncüoğlu, 1993; Dirik and Göncüoğlu, 1996; Bozkurt, 2001; Özsayın et al., 2013; Schildgen et al., 2014) . The basin infillings are mainly composed of terrestrial and lacustrine sediments, as well as volcanic and volcanoclastic rocks. The Konya Basin formed during this period of time, occupies almost the entire south Central Turkey. In the southern part of the Konya Basin the Karapınar-Ayrancı coal deposit is hosted ( Figure 1a ). Previous studies mostly focused on the regional geological setting and the volcanic rocks at the northern margins of the Konya Basin (Keller, 1974; Ercan et al., 1992; Göncüoğlu and Toprak, 1992; Ulu et al., 1994; Olanca, 1999 , Roberts et al., 1999 Gençalioğlu-Kuşçu and Geneli, 2011; Temiz and Savaş, 2014) . Coal beds around Karapınar Town have been reported since late 1960s (Gökmen et al., 1993) ; however, limited number of studies have been conducted about coal quality, geochemical composition and palaeontological findings from central and eastern parts of the deposit after the exploration period of time (Salman and Akyıldız, 2013; Oikonomou, 2015; Redoumi et al., 2016; Altunsoy et al., 2016) , whereas only one study dealt with coal petrography and the palaeoenvironmental reconstruction of the coal beds in the eastern part of the deposit. The main objective of the present study was to determine the coal features and to assess the environmental conditions during peat accumulation of the coal seam drilled in the northern part of the Karapınar-Ayrancı coal deposit by the means of petrographic, mineralogical, and geochemical data.
Geological setting
The basement and the southern margin of the basin are composed of pre-Neogene rocks (mainly Jurassic to Cretaceous marine limestone), whereas the northern margins consist of Neogene volcanics (Karacadağ volcanics) and the Late Miocene İnsuyu Formation (Figure 1c) . The southern part of Central Anatolia began uplifting during Middle to Late Miocene as a result of slab dynamic (Aydar et al., 2013; Schildgen et al., 2014; Gürbüz and Kazancı, 2015) , which created accommodation space for the basin infillings in South Central Anatolia and the study area as well (Özsayın et al., 2013; Oskay et al., 2016) . These commenced with Late Miocene fluvial (conglomerate, sandstone and siltstone) and lacustrine sediments (carbonates and claystone). With the onset of Pliocene stronger uplifting in south Central Turkey (Schildgen et al., 2014) resulted in additional relative subsidence; therefore, the coal-bearing PlioPleistocene sequence conformably overlies the Late Miocene sedimentary rocks (Figure 1d ). This sequence mainly includes fluvial and lacustrine sediments with coal layers. The ostracod and gastropod fauna contained in the inorganic intercalations in the eastern part of the deposit points to peat accumulation during latest Pliocene to Early Pleistocene under freshwater conditions (Redoumi et al., 2016) . The floor and roof rocks of the coal seam in the northern part comprise claystone and organic mudstone, whereas claystone, sandstone, and marl are common intercalations within the seam. The coal-bearing sequence is overlain by the early Holocene lacustrine sediments and volcanoclastic and volcanic rocks (Dirik and Göncüoğlu, 1996; Olanca, 1999; Karakaya et al., 2004) .
Material and methods
A total of 26 coal and 20 inorganic sediment samples were picked up from DK-7 core drilled by MTA in the northern part of the Karapınar-Ayrancı coal deposit (Figure 1b) . The samples were picked up at depths between 132 and 152 m beneath the current surface; apart from the main seam, there are <0.4-m-thick mineral-rich coal layers above and beneath the coal seam, which were not sampled. The coal lithotypes were identified according to the nomenclature proposed by the International Committee for Coal and Organic Petrology (ICCP, 1993) . The routine proximate and ultimate analyses of the coal samples were conducted according to ASTM standards (ASTM D3174, 2004; D3175, 2004; D3302, 2004; D5373, 2004) . The gross calorific values of coal samples were determined using an IKA 4000 adiabatic calorimeter (ASTM D5865, 2004) . For the coal petrography analysis, polished blocks were prepared from selected coal samples following the ISO 7404-2 (2009) standard and examined using a LEICA DMRX coal-petrography microscope. The maceral nomenclature was based on the ICCP System 1994 (ICCP 2001; Sýkorová et al., 2005; Pickel et al., 2017) . The random huminite reflectance was measured on ulminite B according to ISO 7404-5 (2009) standard. The mineralogical composition of the selected bulk coal and inorganic samples was determined using an X-ray Bruker D8 Advance diffractometer equipped with a LynxEye ® detector. The scanning area covered the 2θ interval between 4° and 70°, with a scanning angle step of 0.015° and a time step of 1 s. The semiquantitative determination was performed using the Rietveld-based TOPAS ® software and applying the technique described in detail by Siavalas et al. (2009) . Furthermore, selected polished coal blocks were coated with carbon in order to enlighten the mineralogical composition by means of a JEOL JSM 6300 Scanning Electron Microscope equipped with EDS X-ray analyzer at the Laboratory of Electron Microscopy and Microanalysis, Faculty of Natural Sciences, University of Patras.
Results

Lithological features
In the studied core (Figure 2 ), the total thickness of the coal seam reaches 20 m with a net cumulative coal thickness of 6.6 m. The coal samples are macroscopically dark in color, matt and brittle, and at sites contain gastropod mollusc shells and clay bands. Carbonate cleat infillings were observed in one sample (DK7/3) only. The coal displays matrix and mineral-rich lithotypes. The matrix lithotype is commonly weakly gelified and nonstratified. The seam floor consists of claystone and the roof of mudstone. Several inorganic intercalations, which consist of organicrich mudstone and claystone layers, display variable thickness (Figure 2 ). Mollusc shell remains (e.g. Valvata sp., Pisidium sp.) were commonly traced in the intercalations, particularly in mudstone layers; carbonized plant remains were also identified in claystone. The frequent changes between matrix and mineral-rich lithotypes along with several thick gastropod-bearing intercalations indicate changes between limnic and telmatic conditions during peat accumulation; the latter was ceased several times in favor of organic-rich mudstone deposition.
Coal features
Total moisture ranges from 24.3% to 66.4% (average 44.7%, on as-received basis) and ash yield from 15.9% to 62.3% (average 38.7%, on dry basis); of course, the samples with >50% ash yield are carbonaceous rocks, although they macroscopically were logged as coal. The fossil remains hosted in coal result in an increase of volatile matter yields; thus, ash (up to 62.3%, on dry basis) and volatile matter yields (up to 47.4%, on dry basis) are high due to breakdown of carbonate minerals (Table 1) . The calorific values are generally low varying between 7.7 and 21.7 MJ/kg (average 11.4 MJ/kg, on moist, ash-free basis). The ultimate analysis shows that the coal samples are characterized by high total sulfur (up to 8.6%, on dry basis) and hydrogen (up to 9.2 %, on dry basis) contents (Table 1) . High total sulfur and hydrogen contents were also reported from central and eastern parts of the deposit (Salman and Akyıldız, 2013; Oskay et al., 2016) . Table 2 presents the results of the coal-petrography examination. Huminite is the dominant maceral group with telohuminite being the most common subgroup ( Figure  3a ). In the telohuminite group ulminite predominates (up to 52.0 vol.%, on mineral-free basis); it appears well gelified and ulminite A is common (Figures 3b,c) . Furthermore, the presence of telohuminite A could also elevate H contents resulting in positive correlation (r = 0.64) between huminite and H content of the studied samples. Cell lumens of textinite are generally filled in with fluorinitetype resinite ( Figure 3d ) and corpohuminite, and rarely with mineral matter (e.g., amorphous silica). Densinite (up to 47.5 vol.%) is the common maceral in the detrohuminite group with attrinite contents being generally low (<10.0 vol.%). Detrohuminite macerals are mostly associated with sporinite, liptodetrinite, and mineral matter (e.g., clay minerals and pyrite). Inertinite generally shows low content with fusinite and inertodetrinite being common (Table 2) . One distinct feature of the analyzed samples is the relatively high total liptinite content (up to 15.3 vol.%). Liptodetrinite (up to 7.7 vol.%) and resinite, particularly of fluorinite type (up to 5.3 vol.%), are common within this maceral group. Mineral matter contents strongly vary (2.0-29.1 vol.%, on whole basis). The minerals identified under the coal-petrography microscope are mostly quartz, clay minerals, pyrite and carbonates (syngenetic and clastic). Furthermore, calcareous fossil shell remains along with siliceous skeletal (diatom) fossil fragments are also traced in the studied samples. In comparison with the maceral composition of the coal from the eastern part , the examined samples display relatively higher telohuminite contents, particularly textinite, presumably due to more frequent arboreal peat-forming species thriving on the palaeomire surface. Huminite reflectance was measured on a limited number of samples only due to the predominance of ulminite A ( Table 2 ). The %Rr values vary between 0.23% and 0.24%. Similar low %Rr values were also reported from the eastern part of the deposit . These low values are either related to the existence of H-rich compounds in telohuminite macerals (e.g., resin and wax) and/or low-coalification degree of the analyzed samples (Stout and Spackman, 1989; Suárez-Ruiz et al., 1994; Bechtel et al., 2015; Karayiğit et al., 2016 Karayiğit et al., , 2017a Çelik et al., 2017) . The presence of H-rich compounds could suppress %Rr values not corresponding to real coalification degree; therefore, calorific values, moisture and ash yield could be more accurate in rank and grade determination (O'Keefe et al., 2013) . Even though moisture is generally higher than 40% (lignite), these values might not be equivalent to bed moisture due to loss of water during transport from sampling site to laboratory. Considering calorific values and ash yields of the studied samples, the studied samples are low-to very-low-grade, low-rank C to A coal and moderately high-to high-ash low-rank C (lignite) according to ECE-UN (1998) and ISO-11760 (2005) classifications, respectively. Furthermore, samples with high ash yield (≥50%, db) due to the presence of fossil shell remains and clay bands are considered carbonaceous rocks.
Maceral composition and huminite reflectance
Mineralogical composition
Minerals in coal
The silicate minerals are the dominant phases, whereas carbonates, particularly calcite, are dominant in the shellbearing samples (Table 3 ). Pyrite and sulfate minerals are generally minor phases. The XRD data is certified through the SEM-EDX results and additionally, some accessory minerals, such as apatite, barite, chromite, dolomite, monazite, titanite, and Ti-oxides, were identified. The predominance of silicate minerals along with the high ash yields imply that the clastic input was high during peat accumulation; this is also supported by both petrographical and SEM findings. The clay minerals are mostly aggregated with other clastic minerals (e.g., quartz, feldspars) and attrinite as well. In fossil shell-bearing coals, aragonite is commonly identified; however, in the studied core this is traced in one coal sample (DK7/5) only. The lack of aragonite here, as well as its low content commonly reported from fossil shell-bearing, low-rank coals in Turkey (Demirel and Karayiğit, 1999; Querol et al., 1999; Karayiğit et al., 2000 Karayiğit et al., , 2015 Karayiğit et al., , 2017b , might be due to transformation of aragonite into calcite during coalification Table 3 . Rietveld-based XRD quantification results of coal samples from the DK-7 borehole, in wt.% of the crystalline phase (CM: clay minerals; Gyps/Bas: gypsum/bassanite; +++ = dominant phase > 35 wt%, ++ = abundant phase 35-5 wt%, += minor phase < 5 wt %). (Ward, 2002) . Framboidal pyrite crystals are common in the studied samples, whereas massive pyrite crystals are barely identified. Pyrite crystals appear in the form of framboidal crystals and less commonly as individual crystals within ulminite. Framboidal pyrite crystals are generally syngenetic and related with reducing conditions within the palaeomire (Kostova et al., 2005; Chou, 2012) . The surface runoff from the Neogene volcanic rocks, as well as the lacustrine carbonates in the northern margins were presumably the sources of detrital minerals (e.g. clay minerals, quartz, feldspar); nevertheless, the occurrence of syngenetic framboidal pyrite crystals and silica filling in shell remains and maceral cell-lumens/cavities indicates that authigenic precipitation took place during a time period of low clastic input. Furthermore, mica and feldspar possibly derived from volcanic rocks on the margins, could easily convert to chlorite and/or kaolinite within the palaeomire (Kostova and Zdravkov 2007; Dai and Chou, 2007; Dai et al., 2008 Dai et al., , 2017 ; therefore, clay minerals might also be considered alteration products of mica and feldspars. Bassanite is mostly reported in low-temperature ash of coal (Ward, 2002) ; however, the cooccurrence with gypsum in some coal samples suggests that bassanite is formed through dehydration of gypsum during storage and/or transportation from the sampling site (Siavalas et al., 2009; Koukouzas et al., 2010; Ward, 2016) . The mineralogical composition of the studied samples is similar to that of the samples obtained from the eastern part of the Karapınar-Ayrancı coal deposit ; in contrast, halite is lacking in the examined samples. This is presumably related to the chemistry of circulating solutions; in this part of the deposit, salinity seems to have been low. Thus, halite could not epigenetically precipitate. In addition, carbonates filling in cleats in one sample (DK7/3) could imply that the epigenetic solutions were Ca-rich and maybe originated from intraseam leaching.
Mineral
Minerals in inorganic sediments
The mineralogical composition of the inorganic intercalations slightly differs from this of coal (Table  4) . Carbonates, particularly calcite, along with clay minerals are dominant phases. Calcite displays higher concentrations in shell-bearing samples, in which aragonite is also determined. Beside clay minerals, silicates are generally minor phases probably due to masking effect through the abundant shell remains. Cristobalite, pyrite and gypsum are determined in few inorganic samples and dolomite in one intercalation sample (A17) only. The common occurrence of shell remains within the organic mudstone could imply the discharge of Ca-rich waters into Table 4 . Rietveld-based XRD quantification results of the inorganic sediment samples from the DK-7 borehole, in wt.% of the crystalline phase (Cris: cristobalite, CM: clay minerals; +++ = dominant phase > 35 wt%, ++ = abundant phase 35-5 wt%, += minor phase < 5 wt %). Consequently, peat accumulation was ceased several times in the studied part of the basin. These conditions might have allowed the development of alkaline conditions, under which the preservation of organic matter is low (Mendonça Filho et al., 2010; Karayiğit et al., 2017b) .
Mineral
Discussion
Several facies diagrams and indices contributing to palaeoenvironmental mire reconstruction have been introduced by several researchers Diessel, 1992; Singh and Singh, 2000; Petersen and Ratanasthein, 2011) and still some objections have been raised concerning the accuracy of these diagrams (Crosdale, 1993; Dehmer, 1995; Wüst et al., 2001; Scott, 2002; Moore and Shearer, 2003) . Nevertheless, the coal diagrams and indices, along with mineralogical, geochemical, sedimentological, and palaeontological data, might be useful for approaching the palaeoenvironmental conditions (e.g., hydrological and water chemistry) and the dominant vegetation in the palaeomire (Kalaitzidis et al., 2004; Zdravkov et al., 2011; Bechtel et al., 2015; Karayiğit et al., 2016 Karayiğit et al., , 2017b Çelik et al., 2017) . The coal-petrography data plotted on the Mukhopadhyay's ternary diagram implies mixed vegetation on the palaeomire's surface with arborescent plants being occasionally dominant (Figure 4 ). These samples contain relatively higher amounts of telohuminite and fluorinite pointing to small trees and shrubs (e.g. Myricaceae) on palaeomire's surface (O'Keefe et al., 2013; Pickel et al., 2017) . Lack of xylite-rich lithotype leads to the conclusion that the contribution of the arboreal vegetation, mostly represented by small trees and shrubs, was moderate but definitely no forested mire was established during peat accumulation in the northern part of the deposit. Besides, the abundance of detrohuminite mixed up with liptodetrinite in some samples indicates significant contribution of reed/sedge vegetation. Appropriate pH and water-level conditions can be another explanation for the good preservation of cell structure. Almost all samples are projected on the lowest part of the Mukhopadhyay's diagram indicating relatively strong anoxic conditions in the northern part of the deposit in comparison to the eastern one; this suggests rather high and relatively stable watertable in the palaeomire during peat accumulation . One sample (DK-7/6) projected on slightly oxic conditions is related to the associations between inertodetrinite and detrohuminite macerals ( Figure 3g ; Table 2 ). This association points to the allochthonous origin of inertinite macerals and the water-logged mire surface (Diessel et al., 2010; Silva et al., 2008; O'Keefe et al., 2013) . The tissue preservation index (TPI) vs. gelification index (GI) diagram along with the vegetation index (VI) vs. groundwater influence (GWI) diagram are also applied in an attempt to reconstruct the conditions during peat accumulation in the northern part of the basin (Figures  5a and 5b) . Of note, all these indices were calculated according to modifications introduced by Kalkreuth et al. (1991) and Kalaitzidis et al. (2004) for Tertiary low-rank coals. The TPI values range between 0.2 and 4.0 suggesting moderate organic matter preservation. TPI values are relatively high (>1; see Table 2 ) in the upper part of the seam. As previously explained, high telohuminite contents are presumably related to trees and/or shrubs/bushes on the mire surface. The GI values vary from 0.7 to 7.2 and only one sample displays GI < 1 (Figure 5a ). The GI values suggest that organic matter in this part of the deposit is, in general, gelified under relatively higher and stronger fluctuating water level during peat accumulation than in the eastern part . The VI values range between 0.3 and 4.6 (Table 2, Figure 5b ). The highest VI values are generally recorded in the upper part of the seam and suggest that preservation of vegetal tissues developed under relatively more acidic and reducing conditions; however, VI values < 1.0 indicate occasional dominance of herbaceous vegetation in the palaeomire (Kalaitzidis et al., 2004; Silva et al., 2008; Siavalas et al., 2009; Karayiğit et al., 2016) . The GWI values vary from 0.3 to 2.0 which may suggest that the peat accumulation of the studied part of the deposit commenced under mesotrophic hydrological regime and turned into the alternations of mesotrophic and rheotrophic (GWI > 1) conditions. Finally, the upper part of the coal seam was accumulated under ombrotrophic (GWI < 0.5) condition; this suggests that rainfall became more important for the continuation of peat accumulation in the mire. The GI values of these samples are generally slightly high indicating wet conditions; nevertheless, these GWI values could be either the indicator of forested mire or a masking effect of high telohuminite contents (Koukouzas et al., 2010; Oikonomopoulos et al., 2015; Mitrovic et al., 2016; Karayiğit et al., 2017b; Çelik et al., 2017) . The latter seems to fit better due to the lack of xyliterich lithotype and the abundance of fluorinite-type resinite within textinite.
The coal facies diagrams show that the water table was high enough to maintain the wetness of the accumulated peat in the palaeomire resulting in anoxic conditions. Under such conditions, the commonly encountered syngenetic framboidal pyrite crystals can easily form (Chou, 2012; Oikonomopoulos et al., 2015) . This crystal morphology can also be an indicator of the formation of slightly acidic to neutral conditions in the palaeomire (Querol et al., 1989) . This could be related with sulfaterich water supply into palaeomire resulting in well tissue preservation and high total S contents (Kostova et al., 2005; Siavalas et al., 2009 . The shellbearing coal beds along with the syngenetic carbonates are related to alkaline conditions within the palaeomire (Querol et al., 1996; Siavalas et al., 2009; Karayiğit et al., 2017b) . The coexistence of carbonate minerals and syngenetic pyrite implies rather the development of neutral conditions and the influence of calcium-and sulphate-rich water supply into the palaeomire. The shell remains also support the elevated water table shifting the telmatic to limnotelmatic conditions. In turn, herbaceous vegetation, particularly reed plants, was more common on the palaeomire surface, and the detrohuminite and liptodetrinite contents increased. The elevated water table also resulted in the deposition of the shell-bearing organic matter and peat accumulation was ceased several times in favor of lacustrine conditions. The predominance of carbonate minerals in the intercalations could be explained by the common occurrence of fossil remains rather than by increased Ca concentrations in the water of the palaeolake. Moreover, the variations on ash yield and the occurrence of clay-bearing coal reflects the influence of sediment laden from marginal areas, presumably related to high runoff from margins during peat accumulation and/or increased fluvial impact for short periods of time. Due to the dominance of silicate minerals the clastic material seems deriving from volcanic rocks outcropping at the northern margins. Considering the lack of Mesozoic carbonates at the northern margins (Figure 1) , the leached surface waters from the volcanic rocks rather than the karstic water could also supply sulfur as in the eastern part of the basin . Overall, peat was accumulating under pure telmatic to limnotelmatic conditions, whereas elevated water table and fluvial contribution ceased peat accumulation several times. Even though the results of this study are based on samples obtained from one drilling site only located in the northern part of the deposit, the vegetation seems to be relatively different from that dominating in the eastern part. Here, the contribution of woody vegetation might have been slightly higher than in the eastern part; however, the maceral composition denotes that the difference could be caused by the presence of clusters of shrubs/bushes on the palaeomire surface rather than by real dense forests.
Conclusion
The tectonic movements during Pliocene to Pleistocene created subsidence, and consequently, accommodation space and favorable lacustrine and telmatic conditions in the northern part of the Karapınar-Ayrancı coal deposit in a similar way to that in the eastern part. Some slight differences were recorded on petrographical and mineralogical compositions between both parts of the basin. These differences seem to be related with the peat-forming vegetation and the water table. The coal facies along with the mineralogical and the geochemical data imply that peat was accumulating mostly under mesotrophic to rheotrophic, anoxic conditions. Therefore, syngenetic framboidal pyrite is common; its occurrence along with syngenetic carbonates is the evidence for neutral conditions during peat accumulation. Moderate to high TPI and VI values indicate significant contribution of woody vegetation. In contrast, the maceral composition (e.g., fluorinite-type resinite) indicates the presence of shrubs/bushes on palaeomire's surface. The abundance of shell remains and the varying contents of detrital minerals along the examined seam profile could be related to the fluctuating water level, and in turn, changes in the clastic input from the margins. Thus, coal is generally characterized by high ash yield and low gross calorific value. Water table rise ceased peat accumulation and established lacustrine conditions several times resulting in the formation of inorganic intercalations. Overall, the precursor peat was presumably accumulated under pure telmatic to limnotelmatic conditions and spatial variability seems to be developed in the palaeomires of the Karapınar-Ayrancı coal deposit.
